Entity Relationship (ER) modeling (1976) is a popular approach to formulate a conceptual data model for designing properly structured databases. In spite of some criticisms of the model leading to numerous extensions added to the original ER model, it is generally believed to be a method of choice for designing common databases. Not surprisingly, ER Modeling is inextricably a part of all database-design classes. Teachers of this modeling construct often encounter students experiencing problems in synthesizing ER models from verbal or written descriptions. This study explores whether individual differences contribute to such difficulties. Gender, length of Information Technology (IT) experience, length of database experience, length of business experience, national origin and learning styles are hypothesized as the individual diffe rences that might contribute to a student's ability to synthesize a conceptual ER model. Ability to synthesize ER models was evaluated using a textbook type ER modeling problem.
Background
Students learning to synthesize conceptual data models from written and verbal descriptions are sometimes puzzled by the fact that they can develop alternative ER models to represent the same situation. There is an element of subjectivity in interpretting the of user requirements that lead to conceptual data models. Students of this data modeling technique are also expected to make appropriate assumptions to synthesize models to represent a business context. Research involving ER modeling has traditionally focused on certain ER modeling principles and notations (e.g. Bodart et. al., 2001 ). The question of why some are able to synthesize ER models from verbal and written descriptions fairly easily as others find it inherently difficult, has not been addressed. This study explores individual differences in synthesizing ER models. Connolly and Begg (2002) assert that to gain an understanding of the nature of the data and how it is used by the enterprise, we need to have a model for communication that is non-technical and free of a mbiguities. A perspective to the contrary is offered by Kimball (1997) who claims that ER modeling is not a beneficial technique espec ially for data warehouses. He argues that ER modeling is a discipline used to represent associations among data. He argues that ER model is focused on removing redundancy in data. Hence, designers loose sight of an important goal of data modeling-to create databases that can be queried efficiently. This study, without taking a position on whether ER modeling as an appropriate technique for designing all databases, recognizes that it is still one of the popular approaches for teaching conceptual modeling. The purpose of this paper is to explore whether there are any individual differences between those who can correctly conceptualize data models from written and ve rbal descriptions and others who seem to have difficulties in synthesizing ER models.
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Theoretical Foundations
Although different investigators have differed slightly in the labels and meaning of personality factors, in general, research finds five major dimensions of personality that provide distinctive behavioral clusters. These include Extroversion, Likeability, Conscientiousness, Emotional Stability, and Intellectual Curio sity/Creativity (Loehlin, 1992 Felder's Learning Styles (2002) includes a preface that explains the changes made to the model since 1988 and the rationale for such changes. As a result of its popularity and widespread use in a closely allied field, it was decided to use Felder's Learning Styles index in this study.
Participant's prior exposure to the IT work environment may also positively influence the learning outcome of training to formulate ER models. Prior Exposure to the IT environment within an organization, direct exposure to database technologies or general exposure to real world business problem contexts as identified by business work experience in general may favorably influence a participant's ability to develop ER mo dels. Another demographic factor included this study is "gender." Research finds that the only consistent difference in mental abilities between men and women is in spatial abilities (Jacklin, 1989) . However, girls continue to be concentrated among jobs historically held by women and more oriented toward working with people (Beutel & Marini, 1995) . Since ER modeling is a logica l, deductive and analytical process it is appropriate to include gender as an independent factor in our study. Thus, gender, experience of the participant in any area of IT, and learning styles are used as independent variables that influence the participants ability to synthesize a correct ER model from a 
Experimental Design
Participants in the study were students enrolled in a Master's Level Database Class at the Northern Kentucky University, KY, USA. There were 37 students enrolled in the fall semester of 2002. The experiment was conducted as part of instruction during two regular class meetings. The problems themselves were not graded for the course but only as a tool to provide feedback on their learning of ER modeling concepts and their ability to draw ER diagrams based on a problem context. The students were preparing for future tests based on this experience. This provided enough motivation for all participants to take the experiment seriously. There were two problems selected from Connolly and Begg: one at an elementary level and the other at an advanced level. The two problems selected for the experiment are reported in Appendix. A.
It is beneficial for students to first understand the purpose and benefits of a high-level conceptual data model such as the ER model to design a database. Before introducing the concepts associated with the ER model, it is helpful for students to see a possible end product of ER modeling. Hence the participants were first shown an Enterprise Model and the instructor emphasized that the diagram seen is the end product. In the real world, developing an ER model is often a process where participants work in groups. Working in groups exposes the participants to problems associated with differing interpretation of user requirements. However, the students in this study were not allowed to work in groups as the goal of the current research is to study the individual differences. In addition, the problems used in this study are not as complex as real world models involving numerous entities and relationships. After the instruction phase, had one week to study the concepts from the textbook (Connolly and Begg, 2002) and work through two exercises presented at the end of the relevant chapter. Next week, students were given an elementary level problem and then a more advanced problem (Appendix A) in a regular class meeting. All par ticipants solved the problem in the same room at the same time. A scoring rubric was used where each entity identification was given 2 points and each cardinality specification was given one point. This resulted in a total raw score of 22 points for the Le vel 1 problem and 28 points for the Level 2 problem.
After the experiment was over students were given the ILS questionnaire (Appendix B) and were asked to give a print out of the web version of their results. This was collated with demographic variables and scoring rubric to create the data set for statistical analyses.
Analysis
There were 14 female students and 22 males students who participated in the study. Sixteen of the thirtysix students were international students. Eighteen of the thirty-six students had no prior database experience. Others had one or more years of database experience. Twelve students had no Information Technology experience. Ten participants had no prior work experience. All statistical analyses were conducted using SPSS versio n 11.5. At this stage of data collection, due to a relatively a small size, simple Chi -square tests to study the association between various individual factors and ER Modeling performance was preferred to other robust procedures that would provide greater insight into the relationships. Also, the scoring on the dependent variable was categorized using the SPSS procedure to provide two distinct categories to study the association of demographic factors. 
Discussion and Conclusion
Although a sample size of 30 is enough to assume normal distribution of ER synthesizing scores, any interpretation of the support of these hypotheses should bear in mind the relatively small sample size. In addition, the finding suggests that in general, as the problem complexity increases individual differences may become more of a factor. Hence, our discussion focuses mainly on interpreting the results for the Level 2 problem.
Prior exposure to the database environment was found to have significant association with the participant's ability to synthesize ER models. Intuitively prior exposure to a database context is likely to enhance participant's understanding of the experimental problem. Exposure to the database context may have sensitized the participants to take the problems solving task more seriously than others and hence they may have attempted the solution with greater rigor. The difference in scores due to national origin should not be interpreted as their inherent ability or lack thereof to synthesize ER models. Since the experimental problem was a textual description relating to a geographical context, difference in the ability to understand the context might have contributed to a difference in scores. Finally, active learners scored better than reflective learners in the experimental problem. The mean score for active learners was 22.27 while that of reflective learners was 20.75 in the Level 2 problem. Active learners learn by actively engaging in the process of learning through discussing or applying a concept. Reflective learners learn by just thinking about a context. This finding supports that ER modeling is likely a concept learnt by actively studying it rather than just thinking about it.
This finding on learning style also suggests that the trainers may need to tailor their training style to suit to different types of learners. As an example, a training method that uses group exercises may facilitate learning by certain types of users. Also reflective learners may benefit by exposure many example problems. Although this study did not vary the training methods, incorporating alternative training approaches will be a useful future extension of this study. Also additional data collection is necessary to use more robust statistical analyses. Efforts to increase the sample size are currently under way. 
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Appendix A Level1 Problem
Both these problems are adapted from Connolly and Begg (2002) .
Pets World Case Study
Represent each of the following requirements with an ER diagram.
(a) A company called Pets World runs a number of clinics in the Greater Cincinnati area. Each clinic has many staff assigned to it but only one member of staff manages at most one clinic (not all staff manage clinics). Each clinic has a unique clinic number (clinicNo) and each member of staff has a unique staff number (staffNo).
(b) When a pet owner contacts a clinic, the owner's pet is registered with the clinic. An owner can own one or more pets, but a pet can only register with one clinic. Each owner has a unique owner number (ownerNo) and each pet has a unique pet number (petNo).
(c) Combine a and b into one ER diagram to represent the entire firm.
Level 2 Problem
Reliable Rentals Case Study
The requirements collection and analysis phase of the database design process has provided the fo llowing data requirements for a company called Reliable Rentals, a private rental company which rents out vehicles (cars and vans). The Company has various outlets (garage/offices) throughout the Greater Cincinnati area. Each outlet has a number, address, phone number, fax number, and a manager who supervises the operation of the garage and offices at each site.
Each site is allocated a stock of vehicles for rent, however, individual vehicles may be moved between outlets, as required. Only the current location for each vehicle is stored. The registration number uniquely identifies each vehicle for rent and is used when hiring a vehi cle to a client.
Clients may rent vehicles for various periods of time (minimum 1 day to maximum 1 year). Each individual rent agreement between a client and the Company is uniquely identified using a rent number. Information stored on the vehicles for rent include: the vehicle registration number, model, make, engine size, capacity, current mileage, date MOT due, daily rent rate, and the current location (outlet) of each vehicle.
The data stored on a rent agreement includes the rent number, the client's number, name, address and phone number, date the client started the rent period, date the client wishes to terminate the rent period, the vehicle registration number, model and make, the mileage before and after the rent period. After each rental a member of staff checks the vehicle and notes any fault(s). Fault report information on each vehicle is stored, which records the name of the member of staff responsible for the check, date checked, whether fault(s) where found (yes or no), the vehicle registration number, model, make and the current mileage.
The Company has two types of clients: personal and business. The data stored on personal clients includes the client number, name (first and last name), home address, phone number, date of birth and driving license number. The data stored on business clients includes the client number, name of business, type of business, address, and telephone and fax numbers. The client number uniquely identifies each client and the information stored relates to all clients who have rented in the past and those currently hiring a vehicle.
Information is stored on the staff based at various outlets including: staff number, name (first and last name), home address, home phone number, date of birth (DOB), sex, National Insurance Number (NIN), date joined the Company, job title and salary. Each staff member is associated with a single outlet but may be moved to an alternative outlet as required, although only the current location for each member of staff is stored. 
